OKI Semiconductor

MSM54V24616

131,072-Word x 16-Bit x 2-bank SYNCHRONOUS DYNAMIC RAM

DESCRIPTION

The MSM54V24616 is a 131,072-word x 16-bit X 2-bank synchronous dynamic RAM, fabricated
in OKI's CMOS silicon gate process technology. The device operates at 3.3 V. The inputs and
outputs are LVTTL compatible. This device can operate up to 125MHz by using synchronous
interface.

FEATURES

131,072-words x 16-bit x 2 banks configuration

Single 3.3 V£10% power supply

LVTTL compatible inputs and outputs

All input signals are latched at rising edge of system clock

Auto precharge and controlled precharge

Internal pipelined operation: column address can be changed every clock cycle

Dual internal banks controlled by A9 (Bank Address: BA)

Independent byte operation via DQML and DQMU

Programmable burst sequence (Sequential / Interleave)

Programmable burst length (1, 2, 4, 8 and full page)

Programmable CAS latency (1, 2 and 3)

Programmable Write burst (Burst write / Single write)

Burst stop function (full-page burst)

Power Down operation and Active Power Down (Clock Suspend) operation

Auto refresh and Self refresh capability

Refresh period: 1,024 cycles / 16 ms

Package options:

50-pin plastic TSOP (type II) ~ (TSOPII50-P-400-0.80-K)  (Product : MSM54V24616-xxTS-K)
xx indicates speed rank.

PRODUCT FAMILY
Family Max. Access Time (Max.) Power Dissipation
Frequency tact tace taca | Operating (Max.) | Standby (Max.)
MSM54V24616-8 125 MHz 22 ns 10 ns 7ns 648 mW
MSM54V24616-10 100 MHz 27 ns 12 ns 9ns 540 mW 7.2 mW
MSM54V24616-12 83MHz 32ns 15ns 10 ns 468 mW
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PIN CONFIGURATION (TOP VIEW)

Ve 0] O 50] Vss
DQO [Z] g D015
DQ1 E E' DQ14
Vss(Q) [4] 47] Vss(Q)
DQ2 [5] g D013
D3 [6] 45 D012
Vee(Q) [7] 4] V()
DQ4 [3] 3 Dot
D5 [9] 7 D010
Vss(Q) [iD) 4] Vss(Q)
DQ6 [l a0 D09
DQ7 2 39 D08
Vee(Q) 3 138] Vee(Q)
DOML i 57 NC
WE 5 DaMU
c_Tle 35 CLK
RAS [1] 53] CKE
G 53 NC
A9 19 33 NC
28 0] 1] NC
A 50 A7
M B 59 A6
A2 B3 28] AS
A 7] A
Ve 25 126] Vss

50-Pin Plastic TSOP (II)

(K Type)
Pin Name Function Pin Name Function
CLK System Clock DQML/DAMU | Data Input/Qutput Mask

csS Chip Select DQO-DQ15 | Data Input/Qutput

CKE Clock Enable Vee Power Supply (3.3 V)
A0 - A8 Address Vss Ground (0 V)

A9 Bank Select Address Vee(Q) Data Output Power Supply (3.3 V)
RAS Row Address Strobe Vss(Q) Data Output Ground (0 V)
CAS Column Address Strobe NC No Connection
WE Write Enable

Note:  The same power supply voltage must be provided to every Vcc pin and Vcc(Q)pin.
The same GND voltage level must be provided to every Vgg pin and Vgg(Q) pin.
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PIN DESCRIPTION

CLK Fetches all inputs at the "H" edge.
[ Disables or enables device operation by asserting or deactivating all inputs except CLK, CKE,
DQMU and DQML.
CKE Masks system clock to deactivate the subsequent CLK operation.
If CKE is deactivated, system clock will be masked that the subsequent CLK operation is deactivated.
CKE should be asserted at least one cycle prior to a new command.
Address | Row & column multiplexed.
Row address: RAO - RA8
Column address: CAQ - CA7
A9 Selects bank to be activated during row address latch time and selects bank for precharge and read/
write during column address latch time. A9="L": Bank A, A9="H": Bank B
RAS
CAS Functionality depends on the combination. For details, see the function truth table.
WE
DAML Masks the read data of two clocks later when DQMU / DOML is set "H" at the "H" edge of the clock signal.
pamu Masks the write data of the same clock when DQMU / DQML is set "H" at the "H" edge of the clock signal.
DQO - DQ15| Data inputs/outputs are multiplexed on the same pin.
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BLOCK DIAGRAM
CKE  — L |
%K - Progra- Latency 10
RAS —| ming & Burst Controller
CAS  —={Timing Register Controller
WE  —|Ragi
DOML —| Register
DAMU —| ™
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Controller
>
A9 f
Internal
Col.
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A0-A9 Counter :antut Input
l ata Buffers
_ 1| Register | +_|
] 16 | ]
Column
g Address 8>| Column Decoders |
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| Sense Amplifier |<Z1ei> Read P
Output | h00-pats
Internal Datg Buffers
Row | Register | |_|
Address H Lo
Counter [\ Row Word Mimg
Decoders Drivers v
l Cells
Row oMb
3 Address [o ROW Word Memory
Buffers Decoders || | | Drivers | | Cells
| Sense Amplifier |<:'_
Column Decoders
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MSM54V24616

ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings

(Voltages referenced to Vss)

Parameter Symbol Rating Unit
Voltage on Any Pin Relative to Vsg Vin, Vout -0.51t04.6 vV
Vec Supply Voltage Vee, VecQ -0.5t04.6 Vv
Storage Temperature Tstg -551t0 150 °C
Power Dissipation Pp* 1 w
Short Circuit Current los 50 mA
Operating Temperature Topr 0to70 °C

*. Ta = 25°C
Recommended Operating Conditions
(Voltages referenced to Vss = 0 V)

Parameter Symbol Min. Typ. Max. Unit
Power Supply Voltage Vee, VecQ 2.97 3.3 3.63 \Y
Input High Voltage ViH 2.0 — Ve + 0.3 \Y
Input Low Voltage ViL -0.3 — 0.8 Vv

Capacitance
(Vec=3.3V 0.3V, Ta=25°C, f=1MHz)

Parameter Symbol Typ. Max. Unit
Input Capacitance (A0 - A9) Cint — 5 pF
Input Capacitance (CLK, CKE, CS,
RAS, TAS, WE, DQML, DOMU) Cinz - > PF
Input/Output Capacitance c . 7 F
(DQO - DQ15) out P
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OKI Semiconductor

DC Characteristics

Condition Version
Parameter |Symbol Bank CKE oth -8 -10 —12 |Unit|Note
an thers Min. Max.Min. Max.Min.Max.
Output High Voltage| Von — — loh=—2mA 24| — (24| — |24 — | V
Output Low Voltage | VoL — — loL=2mA — (04| — |04 — |04V
Input Leakage Current| Iy — — — -10| 10 [-10| 10 |-10] 10 | uA
Output Leakage Current| .o — — — -10| 10 |-10| 10 |-10| 10 | pA
Icc1 | One Bank CKE =V |tgc=min
Active trc = min — |130| — |110| — | 90 [mA | 1,2
Average Power No Burst
'(Sgpp'yfur)fe”‘ lcc1D | Both Banks | CKE> Vi |tgg = min
perating ; —mi
Active fRo=Min | _ 480 — [150| — |130| mA | 1,2
tRRD = Min
No Burst
Power Supply Icc2 | Both Banks CKE>V|y |tco =min . . _
Current (Stand by) Precharge 5 4 40 mAl 3
Average Power Icc3P | One Bank CKE <V |tgc=min
Supply Current Active —|5|—|5|—|5 | mA| 3
(Active Stand by
Power Down Mode)
Average Power Icc3N | One Bank CKE=V |tge=min
Supply Current Active — |75 —|65|—1|55|mA| 3
(Active Stand by
Non Power Down Mode)
Power Supply lccd | Both Banks CKE =V |tgo=min — 11500 — 130 — [110/ mA | 1.2
Current (Burst) Active ’
Power Supply Icc5 | One Bank CKE=V|y |tcc=min
Current Active trg = min — 120 — |100| — | 80 [mA| 2
(Auto-Refresh)
Average Power lcc6 | Both Banks CKE <V |tgc=min
Supply Current Precharge — |2 |—|2|—1]2|mA
(Self-Refresh)
Average Power lcc7 | Both Banks CKE <V |tgc=min
Supply Current Precharge — |2 |—|2|—]2|mA

(Power down)

Notes: 1. Measured with outputs open.
2. Address and data can be changed once or not be changed during one cycle.
3. Address and data can be changed once or not be changed during two cycles.
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Mode Set Address Keys

Operation Code CAS Latency Burst Type Burst Length
A9 A8 ™ A6 | A5 | Ad CL A3 BT A2 | A1 | AO | BT=0 | BT=1
0 0 |[Bustheadandl o | o | 0 | Reserved | 0 |Sequential| 0 | 0 | 0 1 1
0 1 Reserved 0 0 1 1 1 | Interleave | 0O 0 1 2 2
1 0 et o |10 2 0110 4 4
1 1 Reserved | 0 1 1 3 0 1 1 8 8
1 0 0 | Reserved 1 0 0 | Reserved |Reserved
1 0 1 Reserved 1 0 1 Reserved | Reserved
1 1 0 | Reserved 1 1 0 | Reserved |Reserved
1 1 1 Reserved 1 1 1 Full Page | Reserved

Note: A7 should stay "L" during mode set cycle.

MSM54V24616 series has two types of power on sequence.

POWER ON SEQUENCE 1
1. With inputs in NOP state, turn on the power supply and start the system clock.
2. After the Vcc voltage has reached the specified level, pause for 200 us or more with the
input kept in NOP state.
3. Issue the precharge all bank command.
4. Apply an Auto-refresh eight or more times.
5. Enter the mode register setting command.

POWER ON SEQUENCE 2
1. With inputs in NOP state, turn on the power supply and start the system clock.
2. After the Vcc voltage has reached the specified level, pause for 100 us or more with the
input kept in NOP state.
3. Issue the precharge all bank command.
Enter the mode register setting command.
5. Apply an Auto-refresh two or more times.

b
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OKI Semiconductor

AC Characteristics 1

Note 1, 2
MSM54V24616-8 | MSM54V24616-10 | MSM54V24616-12 .
Parameter Symbol - : : Unit | Note
Min. Max. Min. Max. Min. Max.

CL=3 8 — 10 — 12 — ns
Clock Cycles Time [CL=2 | fcg 12 — 15 — 18 — ns
CL=1 24 — 30 — 36 — ns

_ CL=3 — 7 — 9 — 10 ns | 3,4

éf;;fs Timefrom Fo 5] e | — 10 — 12 — 15 | ns | 3,4

CL=1 — 22 — 27 — 32 ns | 3,4
Clock "H" Pulse Time tcH 2.5 — 3 — 4 — ns
Clock "L" Pulse Time oL 25 — 3 — 4 — ns
Input Setup Time tg 2.5 — 3 — 3 — ns
Input Hold Time th 1 — 1 — 1.5 — ns
pumtlowimstns: |y | s | — | 3 | = | s | — |m
pattatimmaes | — |6 | =[5 |~ [ 0 |

Output Hold from Clock toH 3 — 3 — 3 — ns 3

RAS Cycle Time tre 72 — 90 — 108 — ns
RAS Precharge Time trp 24 — 30 — 36 — ns
RAS Active Time tRAS 48 109 60 105 72 105 ns
RAS to CAS Delay Time tReD 24 — 30 — 36 — ns
Write Recovery Time twr 16 — 20 — 24 — ns
}/(\)lrr:;eglj)gﬂand Input Time towd 16 _ 20 . 94 . ns
FS?E ytoT iEquS Bank Active fRRD 16 _ 20 . o4 . ns
Refresh Time tREF — 16 — 16 — 16 ms
Power-down Exit Set-up Time | tppe 8 — 10 — 12 — ns
Input Level Transition Time | ty 1 5 1 5 1 5 ns
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AC Characteristics 2
Note 1, 2
Parameter Symbol| MSM54v24616-8 | MSM54V24616-10 | MSM54V24616-12 | Unit| Note
CL 3 2 1 3 2 1 3 1
tok 8 12 24 10 15 30 12 18 36 ns
CAS to CAS Delay Time (Min.)| lcco 1 1 1 1 1 1 1 1 1 |Cycle
Clock Disable Time from CKE | Igke 1 1 1 1 1 1 1 1 1 Cycle
Data Output High Impedance | Cvel
Time from DQM D0z 2 2 2 2 2 2 2 2 2 ycle
Data Input Mask Time fromDQM| Ipoo | 0 0 0 0 0 O 0 0 o0 |[Cycle
Data Input Time from Write
Command lowp 0 0 0 0 0 0 0 0 0 |Gycle
Data Qutput High Impedance Time from
Precharge Command IRon 3 2 1 3 2 1 3 2 1 Cycle
Burst stop to output valid
data hold IBsR 2 1 0 2 1 0 2 1 0 |Gycle
Burst stop to write data ignore | lgsw 1 1 1 1 1 1 1 1 1 |Cycle
Active Command Input Time from Mode
Register Set Command Input (Min.) RO 8 3 8 8 3 8 8 8 3 |Cycle
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Notes: 1. AC measurements assume tT =1 ns.
2. The reference level for timing of input signals is 1.4 V.
3. Output load.

Z=50Q

Output © )
7# )%T — 30pF

4. An access time is measured at 1.4 V.
5. Iftrislonger than Ins, the reference level for timing of input signals is Viigand V.

11
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TIMING WAVEFORM

Read & Write Cycle (Same Bank) @ CAS Latency = 2, Burst Length = 4

o 1+ 2 3 4 5 6 7 8 9 10 M 12 13 14 15 16 17 18 19

CLK
CKE
3 ety
R—AS;AM W}A*%AW ‘V////AVH
S EN I | |
m;/dVAV;dV//JV//AV\dW///;
woon. 7)) | 3//// L Ul // ? /‘/j
Agiﬂmﬁ////AVA%V//AV:‘
Y/ j A V/ // j /8 / ////
‘ TQH ! ‘ ‘
% {jjjiiij:jjjj:jjj}ijjjj’oao oo ——— :
et :»FJOHZ: S : ‘tWR:

mdeW/AVMWW// m%ﬁ//

ggm R i V// // Wi
4t T 4t 4
Row Active  Read Command Row Active ~ Write Command Precharge Command

Precharge Command

11
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Single Bit Read-Write-Read Cycle (Same Page) @ CAS Latency = 2, Burst Length = 4

teH
CLK
o |
My e T 3
w DL O\ 7
E*Tsff RELL I \4'@&\ ST :
S A A;tf/q,V// I W
e Mgt g -
ADDR /X Ra XK _ca X/, CCW T
CoMTete o ety o o
o KO S I
b0 D e
DAQML : ‘ ‘ ' ' ' /
DQMU '
Rit' T Write C ﬁd Pt] C d

13
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*Notes: 1. When CS is set "High" at a clock transition from "Low" to "High', all inputs except CKE and DQML,
DAMU are invalid.
2. When issuing an active, read or write command, the bank is selected by A9.

A9 Active, read or write
0 Bank A
1 Bank B

3. The auto precharge function is enabled or disabled by the A8 input when the read or write command is

issued.
A8 A9 Operation
0 0 After the end of burst, bank A holds the active status.
1 0 After the end of burst, bank A is precharged automatically.
0 1 After the end of burst, bank B holds the active status.
1 1 After the end of burst, bank B is precharged automatically.

4. When issuing a precharge command, the bank to be precharged is selected by the A8 and A9 inputs.

A8 A9 Operation

0 0 Bank A is precharged.

0 1 Bank B is precharged.

1 X Both bank A and B are precharged.

5. The input data and the write command are latched by the same clock (Write latency = 0).
6. The output is forced to high impedance by (1 CLK + tgz) after DQML or DQMU entry.

13
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Page Read & Write Cycle (Same Bank) @ CAS Latency = 2, Burst Length =4

CLK

Bank A Actlve

ws T W‘v IV T .
w7 [ S . T VT

« U0 U 0 .1 ;
? 5“ /R e

DQ
WE
L nNotet
DAML 7/ N L R S R B :
bawL - 777 . v T
t 4 t 1
Read Command  Read Command Write Command ~ Write Command

Precharge Command

*Notes: 1. Towritedatabeforeaburstread ends, DAMi should be asserted three cycles prior to the write command,
to avoid bus contention.
2. To assert row precharge before a burst write ends, wait tyg after the last write data input.
Input data during the precharge input cycle will be masked internally.

15
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Read & Write Cycle with Auto Precharge @ Burst Length =4

CLK

% [ I L I I
w [ WD \ I A T
T
w1 070 O R
. DT /1 VI

w7 W////d ?V . 7

CAS Latency = 1
DQ :

e
CAS Latency = 2 e

DQ

sows L /AV / / %; ——

CAS Latency = 3 :

DQ

o B %
1 I% t 1

Row Active A Bank Read with B Bank Write with B Bank Precharge
(A-Bank) Auto Precharge Auto Precharge Start Point

Row Active
(B-Bank)

15
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Bank Interleave Random Row Read Cycle @ CAS Latency = 2, Burst Length = 4

CLK

Ag@m% uV//AﬂV//

N
e
§
&
§
&
§
N
\
ﬁ
x
N

38ME | ]  4'?"T'”Y"?'%Za'f“'?'”?'”T'g%g'?"?”'?'”?'y/

17

Row Active  Read Command Read Command Read Command
(A-Bank) (A-Bank) (B-Bank) (A-Bank)
Row Active Precharge Command
(B-Bank) (B-Bank)
Precharge Command Row Active
(A-Bank) (A-Bank)
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Bank Interleave Random Row Write Cycle @ CAS Latency = 2, Burst Length = 4

o 1+ 2 3 4 5 6 7 8 9 10 1 12 18 14 15 16 17 18 19

CLK

YR/ /N /1 O N 11/ S

v O DA T [
:I L S I I ‘ I I I I

W [ VI [0V O

DQM'—://SA%%%%::::V A/W/////

DOMU
t * u t
Row Active Row Active Precharge Write Command
(A-Bank) (B-Bank) Command (A-Bank)
(A-Bank)

Write Command Write Command Row Active Precharge Command
(A-Bank) (B-Bank) (A-Bank) (A-Bank)

Precharge Command
(B-Bank)

17
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Bank Interleave Page Read Cycle @ CAS Latency = 2, Burst Length = 4

CLK

= 1 7 7 7 WO T O

hs 7//x m m w v § 1 R R

DOMU
Row Active Row Active Read Command Precharge Command
(A-Bank) (B-Bank) (B-Bank) (A-Bank)
Read Command Read Command Read Command Read Command
(A-Bank) (B-Bank) (A-Bank) (A-Bank)

*Note: 1. CSisignored when RAS, CAS and WE are high at the same cycle.
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Bank Interleave Page Write Cycle @ CAS Latency = 2, Burst Length =4

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

CLK

w 07 Vi 1 VI V-V
eSO/ S /111 O

Agﬁmmwvjamvw
SR/, C N SR W//////

Row Active Row Active Write Command
(A-Bank) (B-Bank) (B-Bank)
Write Command Write Command Write Command Precharge Command
(A-Bank) (B-Bank) (A-Bank) (Both Bank)
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Bank Interleave Random Row Read/Write Cycle @ CAS Latency = 2, Burst Length = 4

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

CLK

- %"5"//45V/2 no S8/ 1 1

(@)
[7p)

ADDR//W/ e X XN e XTI
b %mrj\ﬁ/zmmrj/ﬁ////

ws 7 VA1 /3 W/ //A"*%WW"’V LTI

" V msbe/Ar///

DQ

w I %if\”i”ff D0V I

b e SR R I TN TR TR TEaTee
1 SRR /1 R R R R
t 4 1 4
Row Active Row Active Write Command Read Command
(A-Bank) (B-Bank) (B-Bank) (A-Bank)
Read Command Precharge Command Row Active
(A-Bank) (A-Bank) (A-Bank)
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Bank Interleave Page Read/Write Cycle @ CAS Latency = 2, Burst Length = 4

CLK

ADDR ¢

A9

A8

o 1+ 2 3 4 5 6 7 8 9 10 M 12 13 14 15 16 17 18 19

E panananns s i smnnn il
I T I 7
/8 1 .
L
I VI 1l
7\ [ A T

Read Command Write Command Read Command
(A-Bank) (B-Bank) (A-Bank)
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Clock Suspension & DQM Operation Cycle @ CAS Latency = 2, Burst Length = 4

CLK

O L L

p00-7 (o ¥am oz ) — o\ o2
o o oz © *Note3 |

ok

oamL 1, - [ Y ] 3 \ T

*Noted - N o

L Lt L i s

DaM Suspension Command Read DOM DaM DQM
Read Write CLOCK

Command Read DOM Command  Suspension

When CKE is deactivated, the next clock cycle will be ignored.

When DQMs are asserted, the read data after two clock cycles will be masked.
When DQMs are asserted, the write data in the same clock cycle will be masked.
When DQML is set High, the input/output data of DQO - DQ7 will be masked.
When DQMU is set High, the input/output data of DQ8 - DQ15 will be masked.

*Notes:

o=

23
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Read Interruption by Precharge Command @ Burst Length = 8

CLK R .

. —— — e ————
B O
o 1 WA 1T U
woon NN I
» I I I

w  Xe I (.
v 7 V0 . E /
CAS Latency = 1 *Noté

DO fﬁﬁfﬁﬁfffffﬁfﬁffan 0a5fﬁ3fffﬁfﬁﬁffﬁfﬁfﬁﬁfffffffffﬁfﬁfﬁf

sl RS 1/ Z

e T R /I
1 t 1

Row Active Read Command Precharge Command

*Note:  When CAS latency = n, and if row precharge is asserted before a burst read ends, then the read data will not
output after the n clock cycle of precharge command.

23
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Full Page Burst Read Cycle @ CAS Latency = 2, Burst Length = Full page

o 1+ 2 3 4 5 6 7 8 9 260 261 262 263 264 265 266 267 263

CLK

w7 {1 4 V1
w71 VI T, 4 W W/

won, XXX T
« 11 D 8
As ——
00
WE %/WJW// 1 ///A%r
o : AI)RFT ‘ ]

25
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Full Page Burst Write Cycle @ CAS Latency = 2, Burst Length = Full page

o 1 2 3 4 5 6 7 8 9 260 261 262 263 264 265 266 267 268

=
&
§
§
IsH
Ry

I, 1. |

oo } / A")R“W i

Write Command Precharge Command

25
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Burst Read Single Write Cycle @ CAS Latency = 2, Burst Length = 4

o 1+ 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

CLK

m% WAW /W /8 iM;MgV; 7
won DB %RBW///%W/////
AQ%W//AVJVA/MMV//////
AsV TN I ///Amk‘

pg  — j :QAaOVQAaSNIN{DAbOV\,V7”7:7”

WA/WV//AWA/WAW/A/////

DaM ¢ /A V /// / A
* I t * I y I
Row Active Row Active Write Command Precharge Command

(A-Bank) (B-Bank) (A-Bank) (A-Bank)

Read Command Read Command Precharge Command
(A-Bank) (B-Bank) (B-Bank)
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MSM54V24616

Power Down Mode @ CAS Latency = 2, Burst Length =4

CLK O Y R Y
L pEI
s Vi - Ve, N
oo T X
[ LSS
%0 e
oot T . i

T

Power-down
Entry

*Notes: 1.

k]|

Clock I Precharge

Suspention Command
Power-down Clock Exit
Exit Suspention Read
Entry Command

down mode and maintains the mode while CKE is low.
2. To release the circuit from power-down mode, set CKE high for longer than tppg, and the inputs will be
set within the same cycle.

When both banks are in precharge state, and if CKE is set low, then the MSM54V24616 enters power-

27
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Self Refresh Cycle

w 0 1 7z . ¢
i R
oo, D O

™ [ I M

. 7
1 1 1

Self Self Row
Refresh Refresh Active
Entry Exit

29
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Mode Register Set Cycle Auto Refresh Cycle

e g i
w7770, T T O A, T
ol LSSV S L
woon 7 (XL T e
0w
w770 I T LIRS
88%3 TT/// T///VT//
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FUNCTION TRUTH TABLE (Table 1) (1/2)

Current State! | CS [RAS|CAS| WE | BA| ADDR Action
Idle H X X X X X NOP
L H H H X X NOP
L H H L | BA X ILLEGAL 2
L H L X | BA CA ILLEGAL 2
L L H H | BA RA Row Active
L L H L | BA A8 NOP 4
L L L H X X Auto-Refresh or Self-Refresh 5
L L L L OP Code | Mode Register write
Row Active H X X X X X NOP
L H H X X X NOP
L H L H | BA| CA A8 | Read
L H L L | BA| CA, A8 | Write
L L H H | BA RA ILLEGAL 2
L L H L | BA A8 Precharge
L L L X X X ILLEGAL
Read H X X X X X NOP (Continue Row Active after Burst ends)
L H H H X X NOP (Continue Row Active after Burst ends)
L H H L | BA X Burst stop (Full page), NOP (BL=1, 2, 4 and 8)
L H L H | BA | CA, A8 | Term Burst, start new Burst Read
L H L L | BA CA, A8 | Term Burst, start new Burst Write
L L H H | BA RA ILLEGAL 2
L L H L | BA A8 Term Burst, execute Row Precharge
L L L X X X ILLEGAL
Write H X X X X X NOP (Continue Row Active after Burst ends)
L H H H X X NOP (Continue Row Active after Burst ends)
L H H L | BA X Burst stop (Full page), NOP (BL=1, 2, 4 and 8)
L H L H | BA | CA, A8 | Term Burst, Start new Burst Read
L H L L | BA CA, A8 | Term Burst, start new Burst write
L L H H | BA RA ILLEGAL 2
L L H L | BA A8 Term Burst, executo Row Precharge
L L L X X X ILLEGAL
Read with H X X X X X NOP (Continue Burst to End and enter Row Precharge)
Auto Precharge L H H H X X NOP (Continue Burst to End and enter Row Precharge)
L H H L | BA X ILLEGAL 2
L H L H | BA| CA A8 |ILLEGAL 2
L H L L X X ILLEGAL
L L H X | BA| RA,A8 |ILLEGAL?2
L L L X X X ILLEGAL
Write with H X X X X X NOP (Continue Burst to End and enter Row Precharge)
Auto Precharge L H H H X X NOP (Continue Burst to End and enter Row Precharge)
L H H L | BA X ILLEGAL 2
L H L H | BA| CA A8 |ILLEGAL?
L H L L X X ILLEGAL
L L H X | BA| RA /A8 |ILLEGAL?2
L L L X X X ILLEGAL

31
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MSM54V24616

FUNCTION TRUTH TABLE (Table 1) (2/2)

Current State! | CS |RAS|CAS| WE| BA | ADDR Action
Precharge H X X X X X NOP --> Idle after tgp
LI H|H|H]|X X NOP --> Idle after trp
L|H|H L | BA X ILLEGAL 2
LI H| L| X|BA CA ILLEGAL 2
L L|H| H|BA RA ILLEGAL 2
L L | H L | BA A8 NOP 4
L L L X | X X ILLEGAL
Write Recovery H X1 X | X | X X NOP
LI H|H|H]|X X NOP
L|H|H L | BA X ILLEGAL 2
L|H| L| X|BA CA ILLEGAL 2
L L|H| H|BA RA ILLEGAL 2
L L | H L | BA A8 ILLEGAL 2
L L L| X | X X ILLEGAL
Row Active H X X X X X NOP --> Row Active after trep
L H H H X X NOP --> Row Active after tggp
L|H|H L | BA X ILLEGAL 2
LI H| L| X|BA CA ILLEGAL 2
L L|H| H|BA RA ILLEGAL 2
L L | H L | BA A8 ILLEGAL 2
L L L X | X X ILLEGAL
Refresh H X X X X X NOP --> Idle after trg
LI H|H| X]| X X NOP --> Idle after tre
LI H|L| X]| X X ILLEGAL
L LI H|] X | X X ILLEGAL
L L L X | X X ILLEGAL
Mode Register H X1 X| X | X X NOP
Access LI H|H|H]|X X NOP
L|H|H L | X X ILLEGAL
LI H|L| X]| X X ILLEGAL
L L| X | X | X X ILLEGAL
ABBREVIATIONS

RA = Row Address
CA = Column Address

—_

Notes:

BA = Bank Address
AP = Auto Precharge

NOP = No OPeration command

All inputs will be enabled when CKE is set high for at least 1 cycle prior to the inputs.

2. Illegaltobankinspecified state, but may belegalin some cases depending on the state of bank

selection.

3. Satisfy the timing of tccp and tyg to prevent bus contention.

-

NOP to bank precharging or in idle state. Precharges activated bank by BA or A8.
5. Illegal if any bank is not idle.
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FUNCTION TRUTH TABLE for CKE (Table 2)

Current State (n)

CKEn-1

CKEn

RAS

CAS

ADDR

Action

Self Refresh 6

H

>

INVALID

Exit Self Refresh --> ABI

Exit Self Refresh --> ABI

ILLEGAL

ILLEGAL

ILLEGAL

NOP (Maintain Self Refresh)

Power Down 6

INVALID

Exit Power Down --> ABI

Exit Power Down --> ABI

ILLEGAL

ILLEGAL

ILLEGAL 7

NOP (Continue power down mode)

All Banks Idle 7

Refer to Table 1

(ABI)

Enter Power Down

Enter Power Down

ILLEGAL

ILLEGAL

ILLEGAL

Enter Self Refresh

ILLEGAL

NOP

Any State Other

Refer to Operations in Table 1

than Listed Above

Begin Clock Suspend Next Cycle

X|IX[IX|X|Ir|r|ZT|Ir|IT|IT|X|X|IX|IX|IrITIT X|X|X|X|r|T|xT|Xx<|X

NIX|IX[X[|[X[X[X[|X[X|X[X|X|X[X|X|X|X|X[|X|X|X|X|X|X|XxX|Xx

Enaole Clock of Next Cycle

rr|Trr|rrrrr |||\ || |—|—r|x|r—|—|\r—|r—|\r|r—

rxjrm|x|r— ||| ||| |jr|lTxTjC|T]T|]T| T T |X|C|T|T|T|xT|xT

><><><><><l—|—|—|—|—|—:l:><><|—|—|—|—I><><|—|—|—|—I><8‘

XX X|X|X|Irr|rZT|ZT|IT|X|X|X|rmMIZT|IT|IT|X|X|X|r|T|T|xT|X|X

>

>

Continue Clock Suspension

Notes: 6. If a minimam set-up time tppg is satisfied when CKE transitions from "L" to "H", CKE
operates asynchronously so that a command can be input in the same internal clock cycle.
7. Power-down and self refresh can be entered only when all the banks are in an idle state.
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